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INTRODUCTION

This project was created with the overall goal of producing a decision support tool to assist providers with
administering nutritional support to the severely burned, and in particular the severely burned combat casualty.
The project was devised in response to a Broad Agency Announcement from the Department of Defence in
2012 soliciting proposals for development and testing of checklists with burn care in the Intensive Care Unit.
We submitted this proposal to develop a checklist for the provision of nutritional care which would be supported
by decision support technology akin to what we had done previously with burn resuscitation. We assembled
investigators from 4 Texas burn centers to submit data on nutritional provision in the burn ICU that would be
analysed for gaps, and control theory algorithms applied to provide solutions for these gaps. These findings
are to be used to develop software technologies to implement recommendations and assist providers in
providing nutritional care. We had the following overall hypothesis: A computerised checklist for the Burn
Intensive Care Unit that provides guidelines and information on current and cumulative nutritional
provision and decision support for subsequent nutritional orders improves compliance with nutritional
goals. We proposed to test this hypothesis through addressing the following Specific Aims:

e To determine under what precise conditions compliance with nutritional goals are not met in severely
burned adults.

We proposed to gather continuous ICU nutritional data from adult burned patients in four burn centers and
assess feeding rates in relation to local nutritional goals with identification of periods of upward and downward
variability. These will be correlated to clinical events to objectively define incidence and timing of gaps in
feeding and thus identify targets for improvement.

e Tofind strategies to address identified gaps in feeding.

After the above analysis we still expect to find gaps during initiation of feeding, during and after expeditions
from the ICU for clinical tests and procedures, and in response to periods of higher risk for complications such
as high gastric residuals or hypotension. We may also find other unexpected gaps which will be included in
further analyses. We then propose to model and report the biologic responses to changes in feeding during
these times to find safe strategies to meet calculated feeding rates, and determine safe times to temporarily
increase feeding above usual goal rate to close measured gaps.

With completion of these two aims, we will be able to construct a checklist of a clinical and physiologic model
and then a computerised decision support system that will perform two functions: the first will be to provide a
display of current feeding rate, daily cumulative total with and without indexing to daily goals, and hospital stay
cumulative total with and without indexing to cumulative goals. This will serve as a traditional checklist for
nutritional provision for the severely burned. Second, the system will provide hourly recommendations for
feeding rate to meet provider entered nutritional goals based upon biologically confirmed models and
predictions. This is described in our third aim:

e To develop and test a system that incorporates the above strategies. The system will provide points in
a computerised checklist for intermittent provider attention and decision support guidelines for
appropriate changes to meet cumulative and current nutritional goals.

These aims are encapsulated in the following Statement of Work:

Background: Activity in the burn intensive care unit (BICU) is complex, variable, and can be difficult to
coordinate towards the overall goal to improve outcomes. Relatively new technologies are available to assist
providers with monitoring critical care activities to be aware of physiologic and treatment changes as well as
provide recommendations meet these changes to reach desired goals. One such area in the BICU is in the
area of nutrition; providers are in universal agreement to the advisability of feeding to meet nutritional goals,
but in spite of this, only 70-80% of goals are typically met. This is thought to be due to temporary interruptions
to decrease the risk of complications or to meet other goals. Further, providers are often unaware of
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accumulating deficits over the hospitalisation, and if recognised need safe and effective strategies to
temporarily accelerate feeding to meet goals.

Objective: To develop and implement a checklist with a decision support system to inform BICU providers of
nutritional provision in relation to goals and provide a safe strategy to meet desired nutritional provision.

Project Breakdown:
TASK ONE (MONTHS 1-18): After award of funding, we will seek IRB approval then proceed with data
collection of hourly nutritional delivery and associated feedback variables until enrollment goals are reached at
the 4 study centers. These data will then audited for reliability and reproducibility. This has been completed.
TASK TWO (MONTHS 19-24): Once the data are codified, these will be used to develop a physiologic model
of feeding and associated responses across time in severely burned patients. From this model, a checklist and
decision support system will be constructed to give providers a real-time assessment of progress towards
nutritional goals as well as recommendations for changes in feeding based on model predictions to reach and
maintain goals. IN PROGRESS

SUBTASK 1: Complete clinical data analysis for assessment of modern nutrition

SUBTASK 2: Complete clinical data analysis for risks of nutrition in the burn centre

SUBTASK 3: Complete construction of decision support tool and validate with the current database
TASK THREE (MONTHS 25-36): Once constructed, the Burn Nutrition and Decision Support System (BNS)
will be tested for reliability in a crossover design to assess feasibility, reliability, safety, and efficacy. The final
product will then be available for patent and FDA testing. TO BEGIN IN 6 MONTHS

SUBTASK 1: Obtain IRB approval to gather data

SUBTASK 2: Assess pilot use of the decision support device for use of the recommendations, effects

of the recommendations on the provision of nutritional therapy, and assessment of use by nursing and

physician staff

KEYWORDS

Nutrition, severe burn, decision support

OVERALL PROJECT SUMMARY

TASK ONE: We received IRB approval for collection of data at University of Texas — Southwestern Medical
Center, University of Texas Health Science Center — Houston, the University of Texas Medical Branch in
Galveston, and at the United States Army Institute of Surgical Research. We have completed collection of 100
subjects at UT-Southwestern, 42 at the University of Texas Health Science Center — Houston, 100 at the
USAISR, and 100 at the University of Texas Medical Branch in Galveston. The data collection is now
complete for the first two aims. We have analysed all the data for reliability and reproducibility; less than 1% of
entries were adjusted, therefore we feel that these data are accurate and a full audit is superfluous. The
preliminary results are as follows:

Two-hundred forty-two subjects were included. Median age was 41 [25,56], TBSA burned 37% [24,55], full
thickness burn area 20% [8,43], 31% had inhalation injury. Admission weights were 79 kg [66,94], and
discharge weights 70 kg [63,81]. Average weight loss during the hopsitalisation was 7 kg [-15,-2] and
percentage loss from admission weight was 9% [-17,-3]. Tube feedings were started on the day of admission
in 43%, and within one day of admission in 78%; < 12% were started more than 48 hours from admission.
Duration of tube feedings was 18 days [10,30] for this population; ICU days with tube feedings given was 91%
[64,100], and for the whole hospitalisation was 67% [44,91].

TASK TWO:
We are now analysing the data to answer the following questions: when did the feeding deficits occur? Were

more deficits associated with greater weight loss? Longer hospitalisation? Mortality? We expect this analysis
5
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to be complete in Q1 2015 and will be submitted for presentation and publication in a major journal. Portions
of the work have already been presented locally (please see the attached PowerPoint presentation to be given
in Houston at the Southern Region of the American Burn Association Meeting in November), and two abstracts
have been submitted for this year's meeting of the American Burn Association. One manuscript from a single
center has been prepared for publication (see attached), but has not yet been submitted.

We are also using the data to determine whether any risks were encountered in the process of tube feedings.
What about infections? Aspiration? Residuals and subsequent problems? We expect that this will be a
separate analysis and publication, and will inform the development of the clinical tool in terms of safety.

Our plan for the next six months is to complete data analysis by adding the ISR subjects and assessing the
clinical data and outcomes for a description of ‘Nutrition and Nutritional Outcomes in the Modern Burn Center’.
These data are more than sufficient for this purpose. The data to date are de-identified in a single file which
will be used for all further work; the original data will be kept separate on a single locked computer; it is not
available remotely.

During the first year, we constructed software upon which the checklist and decision support system will be
employed. We created a computer program to serve as a checklist, which assures the performance of
efficacious preventative activities by providing reminders, highlights attention to signals of worsening
conditions, and provides guidance for the best response. This program contains a computer model for
achieving caloric goals with unpredictable amounts of time allotted to provide these goals. This is done by
overshooting the caloric goal and tapering off if there are no interruptions or increasing further if there are
interruptions resulting in a caloric deficit (over the past 24 hours) for which the overshoot model has not
already managed.

This initial version of the software contained guidelines included defining elevated gastric residuals as >500 ml
or repeating values >300 ml, starting a gastric motility agent when high residuals occur, placing a post-pyloric
feeding tube if the gastric motility agent does not resolve the elevated residuals, minimizing interruptions, and
running a trophic feeding if an ileus occurs. We will be analysing the current data to determine if these
guidelines were effective in mitigating risk of tube feedings. These reasons along with a list of common
reasons already in the program will be evaluated and will allow us to create additional strategies to correct
identified gaps in feeding. Please see Appendix 2 for full details of the system developed thus far.

TASK THREE: Awaiting final product prior to testing. We expect that the tool will be completed and test-
worthy in 6 months. During development, we will begin obtaining IRB approval for the single center rollout of
the tool.

KEY RESEARCH ACCOMPLISHMENTS

Institutional Review Board approval at all sites

e Data collection performed and is completed. All data have been analysed for reliability, and found to be
accurate. Initial analysis has been performed showing significant weight loss in this population. Two
abstracts and one manuscript have been constructed

e Development of the initial checklist tool for nutritional delivery in the Burn ICU. We will start with the
adjustments from the findings of the multicenter study to develop the tool which will be completed in Q2
2015. We expect clinical assessment of the tool beginning in Q3 2015.

REPORTABLE OUTCOMES

See attached presentation and manuscript.
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CONCLUSIONS

We have successfully started the study with data collection complete for development of this multicenter
model. We have also begun construction of the checklist and decision support tool which we expect to be
completed in 6 months. The last year will be used for clinical product testing.
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Publications, Abstracts, Presentations
Abstract
PowerPoint presentation

Prepared manuscript

Checklist and Decision Support in Nutritional Care for Burned Patients
Bernal E, Ross E, Wolf SE
Type of Research: o Basic/Translational — or X Clinical

Introduction:

Higher nutritional needs are associated with severe burns, supporting the use of immediate initiation of continuous tube feedings upon
admission. However, evidence suggests that only 70-80% of the recommended calories are given. The additive effect of subsequent
interruptions and changes in goal rates contribute to the overall failure of reaching 100% of individual goals. Potential causes for
delays in initiation include urgent or emergent procedures, while potential causes of interruptions thereafter include expeditions from
the ICU or pauses peri-extubation. Dedicated and consistent efforts to compensate for these delays or interruptions are currently
lacking. Given that deficits in caloric intake are associated with poor long-term outcomes in severely burned patients, we set out to
identify the causes of failure to reach these calculated caloric goals in 100 burned patients admitted to the ICU. After the collection of
these data, our aim is to construct a system checklist in which providers can adjust hourly tube feedings real-time to work toward
achieving 100% of daily caloric goals.

Methods:

A retrospective chart review of 100 burned patients admitted to the BICU who were initiated on tube feedings was conducted. Data
were collected only for the length of first ICU stay per patient. Total hourly volume of tube feedings was recorded for each patient,
with the daily goal calculated as the product of hourly goals and total number of hours expected for administration. The difference
between tube feedings delivered and the sum of residuals and tube feeds discarded was determined as the actual tube feedings
administered. The percentage of expected tube feeding goal was calculated per patent and for the group as a whole.

Results:

The average length of ICU stay was 23.34 days (range 2-189 days) with patients achieving 77.04% (p<0.01) of expected goal tube
feedings during first ICU stay. Average percent total body surface area and full thickness burn were 34.47% and 21.73%,
respectively. Delays in initiation of tube feedings were rare and when present associated with urgent or emergent procedures.
Interruptions in continuous tube feedings were attributable to operative intervention in non-intubated patients, trips to MRI, presumed
sepsis, high residuals, and pauses peri-extubation attempts. Decreases in daily goal rates were attributable to transition to nocturnal
tube feedings and attempts to encourage per os intake. Additionally and where noted, there were certain patient-dictated pauses in
continuous tube feedings, due to refusal or noncompliance.

Conclusions:

Severely burned patients have high nutritional needs. Although efforts are made to initiate continuous tube feedings as soon as
possible, many burned patients fail to reach their caloric goals. Expeditions from the ICU, pauses for extubation, and high residuals
constitute obstacles that interfere with achievement of daily caloric goals. These interruptions can often be anticipated and be
compensated for when identified. Given that poor nutritional status is associated with poor long term outcomes, it stands to reason
that improvement in nutritional support would promote better outcomes, including the potential for quicker recovery. The information
gathered will serve as the foundation for the construction of a system checklist that will enable providers to make more timely
adjustments to hourly tube feedings with the overall aim of achieving 100% of expected daily and overall caloric goals. It is the
expectation that such a system checklist will help minimize caloric deficits and improve outcomes.
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CHECKLIST AND
DECISION SUPPORT IN
NUTRITIONAL CARE FOR
BURNED PATIENTS

UTSW Research Forum, 2014
Eileen Bernal, MD

Nutrition in Burn Patients

+ Higher nutritional needs

- Underfeeding is common

- Initiated during or immediately after resuscitation

- Enteral, parenteral, or both

- Only 70-80% of nutritional recommendations are met

Data Acquisition

- Retrospective chart review of 100 patients
- Inclusion criteria
+ 21 day of tube feeds
+ Tube feeding initiated in Burn Intensive Care Unit (BICU)
- Thermal or electrical injury
+ Exclusion criteria
- Readmission to the BICU after transfer to the sub-acute floor
- Dermatological conditions
« Isolated inhalational injuries without cutaneous burn
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Slide 4

Slide 5

Slide 6

Data Acquisition

- Demographics

- Total body surface area burned (TBSA); size of full/partial
thickness burn (FT/PT)

- Disposition

- Presence/absence of inhalational injury

- Admission/discharge weight

- Total ICU/hospital days

- Hourly tube feed volumes

- Surgical procedures undertaken during BICU admission

- Expeditions out of BICU

- Sepsis events

Study Population — Age

Average - 44
. Median — 47

Study Population — Burn Size

TBSA Bumed Full Thickness 9 Bumed
Average - 34 ) Average - 22
Median - 32 Median - 18

10



Annual Report, Grant W81XWH-12-2-0074

Slide 7

Slide 8

Slide 9

Initiation and Interruptions

- Tube feeding typically initiated on day of admission

- Most patients admitted to BICU had tube feeding started
on Day 0 (70%)
- Probability of tube feeding by Day 1 - 90%

- Tube feeding frequently initiated during resuscitation

- Tube feeding recorded for length of BICU admission only

Initiation and Interruptions

Tube Feeding Days

Initiation and Interruptions

- Delays - Interruptions
- Escharotomy - Operating room
- Bronchoscopy - Radiology
- Extubation
- Sepsis

- Noncompliance

11
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Slide 10

Slide 11

Slide 12

Nutritional Goals and Deficits

% Nutritional Goals Met

Average — 77
Median — 80

T
Weight Change

Change in Weight

cmi mewsw  msesk ek | [ p— o

e
% Weight Change

9 Change in Weight
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Slide 13

Slide 14

.
TBSA and Tube Feeding Days

TBSABumed Full Thickness Burn

?=.22,017

Future Work

- Real time interventions based on anticipated deficits

- Bedside checklist to compensate for interruptions

- Aim toward 100% achievement of nutritional goals

- Expect improvement in meeting nutritional goals will lead
to improved outcomes

13
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Abstract

Objective: In an effort to attenuate the hypermetabolic response that results from a severe burn injury, aggressive and early enteral
nutrition is prescribed. Despite the best intent to treat, a trend of weight loss in adult patients has been observed, thus, a review of the
medical record was undertaken.

Methods: Analyses were performed on 45 surviving burned patients, who were at least 18 years of age, and admitted to a burn center
from 2009-2014. Nutritional intake and weights were analyzed for the first 30 days after admission. Change in weight over time was
analyzed using a mixed linear model. Caloric deficit over time was analyzed using a generalized additive mixed model.

Results: Patients were an average of 44 years of age, 83 kg, and predominantly males with large burns. There was an average loss of
weight by 14% within the first 30 days of hospitalization. When calories received were compared to calories recommended based on
REE x 1.2, REE x 1.4, Curreri formula, and Galveston Adolescent formula a mean deficit of 1200, 1700, 2500, and 3000 calories were
delivered per day, respectively.

Conclusion: Our results show that even with the best intent to treat, a substantial weight loss is occurring in acute burn patients within
the first 30 days of admission. Additionally, the amount of calories delivered was found to be less than what is suggested. Improved
vigilance of monitoring calories delivered may help decrease possible weight loss.

Key Words: burn; nutrition; calories; weight loss; hypermetabolic.
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INTRODUCTION

Burn injuries result in the highest metabolic rate of any critical injury.! The metabolic response that follows a severe burn
injury is identified as a hypermetabolic state. Such a state is characterized by a hyperdynamic cardiovascular response, increased
energy expenditure, accelerated glycogen and protein breakdown, lipolysis, loss of lean body mass and body weight, delayed wound
healing, and immune depression.?* A net loss of protein post-burn results in muscle wasting and a decrease in lean body mass.*® A
significant decrease in body mass and lean body mass may result in consequences detrimental to the patient.

One method to attenuate the hypermetabolic response is aggressive and early enteral feeding.”® Several formulas have been
created to address the postburn nutritional needs. Still, no one formula is perfect and some overestimate the number of calories needed
by about 35-45%.%° It has been found that through measuring REE via indirect calorimetry using bedside carts, a more accurate and
individualized representation of the actual caloric requirements can be determined.**2 Still this method is not perfect.*? It has been
reported that feeding patients 1.2 times the measured REE leads to a 10% loss of lean body mass, but feeding patients 1.4 times the
REE leads to an increase in fat deposition, but no increase in lean body mass.***® Overfeeding has a myriad of detrimental effects,
including, elevated respiratory quotients, increased fat synthesis, increased elimination of carbon dioxide, fat deposition in the liver,
and hyper%lycemia.“'16 It can be concluded that determining a patient’s accurate caloric requirement is necessary for positive clinical
outcomes.

A trend of weight loss has been observed in adult patients at the Blocker Burn Unit of the University of Texas Medical
Branch in Galveston, Texas (UTMB), despite the best intent to treat. We hypothesize that this weight loss currently observed is
secondary to delivery of insufficient calories relative to recommendations from nutritional formulas and calculations. Thus, a thorough
examination of the medical record process has been undertaken.

METHODS

Subijects

Analyses were done on 45 burned patients, who were at least 18 years of age. The patients were admitted to UTMB from
May 2009 to May 2014 for treatment. This research project was performed under a UTMB, Institutional Review Board, approved
protocol.

Clinical Care

All subjects were admitted to the burn unit and treated in a similar manner by a team of three burn surgeons. Standard
treatment included early excision of third degree burn wounds, and continuous enteral feeding. Early excision involves patients
undergoing total burn wound excision and grafting within 48 hours of admission for any third degree burns. Patients returned to the
operating room as donor sites healed and allowed for reharvesting of the unburned skin (usually 7 to 10 days). Additional surgical
procedures for excision and grafting were undertaken until all wounds were covered and healed.

Each subject received continuous enteral nutrition delivered via nasoduodenal tube using Dobhoff tube starting shortly after
admission using Vivonex TEN (Sandoz Nutrition Corporation, Minneapolis, MN). The composition of Vivonex is 82% carbohydrate,
15% protein, 3% fat. Daily caloric requirements were calculated using the Galveston Adolescent formula 1500 kcal/m? total body
surface area + 1500 kcal/m? body surface area burned,’ and orders were written to deliver calories at rates related to meet these
requirements. Enteral feedings were continued until the patient could consume adequate calories from hospital trays necessary as
calculated from the formula above. Patients were allowed to convert from tube-feeding to oral nutrition as tolerated.

Patients were on bedrest for 4 days after grafting and excision, and ambulated daily thereafter until the next excision and
grafting procedure (7 to 14 days). Most patients underwent indirect calorimetry to determine resting energy expenditure (REE) within
the first week of admission.

Study Design

To be included in this study, patients must have received at least one week of enteral tube feeding, no total parental nutrition,
and had no major amputations during their acute hospitalization. Nutritional intake and weights were analyzed for the first 30 days
after admission. The dry weight was documented as the lowest weight between admission and seven days after the first surgery.
Weights were taken while the patient was nude. Patient weights and demographic information were collected from the electronic
medical record.

The volume of tube-feeding delivered per hour was determined for each patient by reviewing the documentation in the
electronic medical record. The concentration of tube-feeding was matched to the order that was written for the corresponding time.
The volume delivered per day was calculated by summing those delivered between 7:00 AM and 6:59 AM the next day. The daily
sums were determined this way as it was when the nurses, who recorded the volume of tube-feeding delivered, change shifts.

The daily volume of tube-feeding was multiplied by the concentration that was delivered throughout most of the 24 hour
period. Vivonex TEN delivers one calorie per one milliliter, thus the resultant number (volume in ml x concentration) is equivalent to
the number of calories delivered in one day. The number of calories delivered via tube-feeding from admission until day 30 was
calculated for each patient each day. As the patient’s wounds were healing, less tube-feeding was delivered in order to encourage
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eating a regular diet. At this point, only days when the patient received > 90% of their calories via tube-feeding were included.
For the study, estimated calories recommended per day were calculated using the Curreri formula, the Galveston Adolescent
formula, REE x 1.2, and REE x 1.4 (Table 1).%**% Each recommendation was compared to calories delivered.

Indirect Calorimetry

Indirect calorimetry was performed at a resting state in a standardized environmental setting of 30°C, the normal temperature
of our patient rooms in the bun unit. REE was measured with a Sensor-Medics 2900 metabolic cart (Sensor-Medics, Yorba Linda,
CA). Inspired and expired gases were collected and the composition was analyzed at sixty-second intervals. Carbon dioxide
production, volume of and oxygen consumption values were reviewed and accepted when they were at a steady state for at least five
minutes. From these measurements, the average REE was then calculated.

Data Analysis

Patient demographics were summarized as means with standard deviations for continuous variables, or as counts with
corresponding percentages for categorical variables. Patient weight over time was modeled by a mixed linear model, adjusting for the
covariates dry weight, TBSA, age, gender, and presence of inhalation injury, while blocking on subject to account for repeated
measures. Percentage of dry weight and calories delivered over time were each modeled similarly.

Differences between calories delivered by tube-feeding and the recommendations by each formula were separately modeled
as a function of days post-admission by a generalized additive mixed model, blocking on subject, and accounting for the non-linear
relation between calorie difference and day. # The same differences were also modeled simultaneously as a function of days post-
admission and feeding formula with an interaction between days and formula, blocking on subject. Statistical analyses were performed
using R statistical software (R Core Team, 2013, version 3.0.1).”> A 95% level of confidence was assumed.

RESULTS

Patients Studied

Table 2 summarized patient demographics. This study included 45 patients who were about 44 years of
age and predominantly male. They had an average TBSA burned of 41% with 22% 3 degree burned. The
patients had an average length of stay of 37 days and stayed approximately one day per percent burn (Table 2).

Effects on Weight

Mean weights declined by approximately 11 kg, as summarized in Figure 1. The model shows that each kilogram increase in
dry weight was associated with a mean retention of 0.9 kilogram (p < 0.0001). Each additional day was associated with a 0.4 kilogram
decrease in weight (p < 0.0001).

During the initial 30 days following admission, mean weights declined by approximately 14%, as summarized in Figure 2.
The model shows that each kilogram increase in dry weight was associated with a mean retention of 1.6 percent higher weight (p <
0.0001). Each additional day was associated with a 0.5 percent decrease in weight (p < 0.0001).

Calories Delivered

Calories delivered over time are summarized in Figure 3. There was a significant relation with dry weight (p = 0.045), total
body surface area burned (p = 0.013), age (p = 0.027), and presence of inhalation injury (p = 0.0015) to calories delivered. Each 1 kg
increase in dry weight was associated with 15 additional calories delivered. Each 1% increase in TBSA was associated with 16
additional calories delivered. Each 1 year increase in age was associated with 17 additional calories delivered. The presence of an
inhalation injury was associated with 611 additional calories delivered.

Differences between actual calories delivered and the recommendations by REE x 1.2, REE x 1.4, the Curreri formula, and
the Galveston formula are summarized in Figure 4 as functions of days post-admission. The mean deficit per patient was 1200, 1700,
2500, and 3000 calories per day, respectively. The caloric deficits were greatest in the first few days following admission.

DISCUSSION

There are a variety of formulas that have been created to maintain body weight in patients after a severe
burn.? This array of formulas implies that no one formula is particularly better than another when it comes to
feeding burned patients. Although, there is not a set amount of calories that should be delivered to burned
patients, there is one goal which should be met: catabolism should be decreased, such that the patient does not
lose weight.*’

It has been shown that with aggressive and early enteral feeding catabolism is attenuated.”® In order to
estimate the amount of calories recommended to adults with massive burns, one can use the Curreri formula,
which is stratified based on age.'® At our institution, we use the Galveston Adolescent formula,® which
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recommends more calories than the Curreri formula,*® and is more user-friendly. Additionally, REE can be used
in combination with the Galveston formula in order to find a balance between the formula estimation and the
calculated estimation. At our institution, calories are ordered at 1.2 to 1.4 x REE. Recommendations in the
literature vary from 0.8 to 2.0 x REE.}**324

It should be noted that formulas are estimations of caloric needs, which can be affected by a variety of
clinical events. Overall, this rate of tube-feeding is well accepted, but at times patients are unable to tolerate it
leading to the delivery of fewer calories. In this study, patients with massive burns lost approximately 14% of
their dry weight within 30 days of admission. This correlates with a deficit of approximately 1200-2500 calories
delivered per day. It was found that with each 1 kg increase in dry weight only 15 additional calories were
delivered, when according to the Curreri formula 25 kilocalories should have been delivered for every kilogram
increase. Similarly, with each 1% increase in TBSA burned only 16 additional calories were delivered, when 40

kilocalories per percent should have been delivered according to Curreri.*®

The current illustration of the inadequacy of caloric delivery seems remarkable. The insufficiencies may be explained by, the
practice of stopping tube feeding for surgery, wound care, research studies, clinical testing, and other interruptions. This practice may
explain the deficit of calories delivered, and may be inevitable. Although, when tube-feeding is turned off, the amount of calories
missed during that time should be made up throughout the rest of the day.

In order to address this issue, adjustments to current formulas, practices, or tabulations, may be needed
to account for times without tube-feeding. Education and vigilance are important in order to assure nutrition
orders are followed and that each patient receives the nutrition and calories they require. In burn units, food has
often been called medicine to a burn patient, such that, it is necessary and serves a purpose for their recovery.
For example, it attenuates the hypermetabolic state, improves wound healing, decreases catabolism, and
increases the chance of survival.”®%?® Since nutrition plays such a substantial role to burn patients, it is
imperative that adequate formulas be utilized and daily monitoring of total intake, not just rate delivered hourly,
be performed.*’
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Table 1. Formulas and calculations used to estimate calories required to maintain body weight in a burned patient.
Table 2. Demographics of patients included in this study.

Figure 1. Adjusted mean weight over time. Shaded regions indicate 95% confidence intervals.

Figure 2. Adjusted mean percentage of dry weight over time. Shaded regions indicate 95% confidence intervals.
Figure 3. Adjusted mean tube-fed calories given over time. Shaded regions indicate 95% confidence intervals.

Figure 4. Differences between calories delivered by tube feeding and calories recommended per formula. The shaded regions span
the standard error. REE = resting energy expenditure.
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Table 1. Formulas and calculations used to estimate calories required to maintain body weight in a burned patient.

Age Range (years) Formula / Calculation

Galveston 12-16 1500 kcal / m* TBSA + 1500 kcal / m* TBSA burned
Curreri 16 - 59 25 kcal / kg of weight + 40 kcal / (% TBSA)

Curreri > 60 20 kcal / kg of weight + 65 kcal / (% TBSA)

REE Any Typically 1.2 - 1.6 x REE

TBSA = total body surface area
REE = resting energy expenditure
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Table 2. Demographics of patients included in this study.

Variable Value
n 45
Age, years 44 +16
Gender, males (%) 35 (78%)
LOS, days 37+25
TBSA burn, % 41+ 17
3 burn, % 22+21
Day / % burn, day 1.0+£04

LOS = length of stay
TBSA = total body surface area
Data presented as means + SD, or counts (%).
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Weight Loss over Time
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Figure 1. Adjusted mean weight over time. Shaded regions indicate 95% confidence intervals.
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Percent Weight Loss over Time
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Figure 2. Adjusted mean percentage of dry weight over time. Shaded regions indicate 95% confidence intervals.
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Calories Delivered from Tube-Feeding
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Figure 3. Adjusted mean tube-fed calories given over time. Shaded regions indicate 95% confidence intervals.
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Calorie Difference per Formula
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Figure 4. Differences between calories delivered by tube feeding and calories recommended per formula. The shaded regions span

the standard error. REE = resting energy expenditure.
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Appendix 2

Description of the Nutrition Decision Support System

The Nutrition Decision Support System software offers the user a nutrition recommendation based on
individual patient data entered into the system by the bedside provider. Upon starting the application, the user
is prompted to provide patient information as well as the enteral formula that will be used to feed the patient
(Figure 1). Based on this information the system computes a caloric goal per day for that patient as well as the
hourly rate required to reach that goal.

Initiate session X

0 Session Information

Directions:
1. Enter patient description below. Click on estimate if data is unknown.

2. Select an enteral formula option below.

3. Kcal goal and hourly goal rate will automatically calculate. Change the max rate if desired.

4. When patient is hemodynamically stable {no pressors and lactate WHL) and feeding tube placement is confirmed by X-ray, hit the Start button.

Patient Information:
[ i
Patient Name: Mary Ann Gender:
Date of Burn: | 24-5ep-13 [ Estimate Age: 35 2| [ Estimate
Date of admit:  [22-0ct-13 Height: 154 2| m 606 = in [ Estmate
% TBSA burn: 25 J| [] Estimate Weight: 60 3 ka 132 3 bbs || Estimate
Comments: | ]
Mutrition Information:
Enteral Formula: () Mixture: (1 can Promote, 6 packs Propass, 18 Tablespoons Polycose, 240 mL Water)

() Nowvasource Renal

Other

Kcal goal per day:

Refresh Calculation

Hourly goal rate:
Start

Max rate: 180 .| mL/hr (defaultis 180)

Figure 1: Session setup screen

Once the nutrition session starts, the Nutrition DSS will prompt the user each hour to enter how much enteral
nutrition the patient received during the previous hour (Figure 2).
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I 45 &/ mL Submit

Please enter amount of enteral nutrition the patient received from 16:00 to 17:00:

Other options:
To return to the previous question, please dick the Return button: Return

If questions above are not consistent with patient situation, please dick the Clarify button:
To return to the Patient Information panel to make changes to the patient description, Patient Info

enteral formula, kcal goal, hourly goal rate, or max rate, please dick the Patient Info button:

Figure 2: Hourly nutrition rate prompt

Based on this information, the system then provides the user with a new recommended enteral nutrition rate
for the next hour along with the reason for that recommendation (Figure 3). This process repeats itself every
hour for the duration of the session, with the system utilizing a mathematical model (at this point not specific to
the physiologic condition of the patient, as the only input is how much was received) to attempt to provide the

caloric goal.

50 2 mL Submit

Please enter amount of enteral nutrition the patient received from 16:00 to 17:00:

>

TF rate being increased as tolerated to goal, and then possibly to
max rate to make up for current kcal deficit.

Recommended Rate: 55 mlL/hr

Other options:
To return to the previous question, please dick the Return button:
If questions above are not consistent with patient situation, please dick the Clarify button:

To return to the Patient Information panel to make changes to the patient description, Patient Info

enteral formula, kcal goal, hourly goal rate, or max rate, please dick the Patient Info button:

Figure 3: Hourly nutrition rate prompt with new recommendation

If at some point, however, the user indicates that the recommendation provided by the system was not
followed, the system will prompt the user for a reason and, based on that answer, it will ask questions to
assess the perceived status of the patient based upon the judgment of the provider, and then provide new

instructions and recommendations (Figure 4).
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x
Please select the reason(s) the patient did not receive the recommended amount: ~
Tleus L
Emesis B |
Pressors
High Residuals
Distended Abdomen
Surgery Submit
Scheduled Interruptions (Procedures, Diagnostic Tests, Extubation, Shower, etc) |
< >
h—4 Is Patient being fed post pylorically?
Yes No
suction Stomach & record amount discarded: 20 2/ mL
Submit
Emesis - will hold TF for 0 hr(s) or until DHT placed & confirmed with
KUB.
Recommended Rate: () mL/hr
v
Qther options:
To return to the previous question, please dick the Return button:
If questions above are not consistent with patient situation, please dick the Clarify button:
To return to the Patient Information panel to make changes to the patient description, Patient Info
enteral formula, kcal goal, hourly goal rate, or max rate, please dick the Patient Info button:

Figure 4: Example of the situation assessment prompt with new recommendation

In addition to prompting the user every hour for the enteral rate, every 4 hours the system will also ask the user
to measure gastric residuals (Figure 5). If the residual volume is found to be higher than preconceived limits
(that have not been tested yet), the system will then adjust the recommendation provided to account (Figure 6).

Please enter amount of enteral nutrition the patient received from 19:00 to 20:00: 88 o mL Submit

Please check gastric residuals (with NGT, never with DHT) and enter amount: | oimL [ Unable to check

Other options:

To return to the previous question, please dick the Return button:
If questions above are not consistent with patient situation, please dick the Clarify button:

To return to the Patient Information panel to make changes to the patient description, Patient Info
enteral formula, kcal goal, hourly goal rate, or max rate, please dick the Patient Info button:

Figure 5: Residuals check prompt
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Please enter amount of enteral nutrition the patient received from 19:00 to 20:00: 88 o mL Sub |4
Please check gastric residuals (with NGT, never with DHT) and enter amount: 350 o miL Unable to check
Return up to 300 mL of residuals and enter amount discarded here (and in 18&0's in chart): 50 2| mil
Will continue TF at previous rate and re-check residuals in 2 hrs or
will run TF at 10 mL/hr and re-check residuals in 2 hrs.
Recommended Rate: 88 mlL/hr
v
Other options:
To return to the previous question, please dick the Return button:
If questions above are not consistent with patient situation, please dick the Clarify button:
To return to the Patient Information panel to make changes to the patient description, PatientInfo
enteral formula, keal goal, hourly goal rate, or max rate, please dick the Patient Info button:

Figure 6: Example of instructions and new recommendation for high residuals

All the measurements and recommendations are presented in graphical form (Figure 7). Relevant data such
as current enteral formula, caloric goal and recommended rate are also shown.

=~ shields Power Curve: The Nutrition Decision Support System

File Test

o,
D M. Ann y Formula: Osmolte 1.2 | Recommended Rate: 88 mL/hr @ Time Remaining: 52:18 | System Time: (10) 20:07

Main Nutrition | Patient Info | Annotations

Hourly goal rate: 88| mijhr Daily goak 2553 | Kealfday

Max rate: 180 | mLjhr [

Caloric Intake

2,750

2,500 SEEEIEH

2,250

Kilocalories

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 o
Hours From Now

Enteral Nutrition Rate

Rate (mL,hr)

Resicluals (mL)

10:00 12:00 14:00 16:00 18:00 20:00
Date

[m Actual  Recommendation

FOR INVESTIGATIONAL USE ONLY

Figure 7: Main application window with graphical displays
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